In our previous studies, we developed a novel platelet-rich product that we called titaniumprepared platelet-rich fibrin (T-PRF). T-PRF is based on the hypothesis that titanium may be more effective at activating platelets than the silica activators used with glass tubes in Chouckroun's platelet-rich fibrin (PRF). This study aimed to assess the effects of T-PRF on bone augmentation in a rabbit calvaria model. Twenty-four adult male New Zealand rabbits were used in the study. T-PRF alone, inorganic bovine bone (ABB), and T-PRF + ABB were used in the experimental groups. No material was used in the control group. Half of the animals were sacrificed after one month, and the remaining animals were sacrificed 3 months later. A histomorphometric evaluation was performed to compare new bone formation among the groups. More new bone areas were determined in the T-PRF group than the other three groups. While less new bone formation was observed than in the T-PRF group, more new bone formation occurred in the ABB and T-PRF + ABB groups when compared to the control group. Basing on the results of this study, we can say that T-PRF membrane can be successfully used for bone augmentation.
Introduction
Using platelet-rich products has become common in many branches of medicine and dentistry in recent years (1) . PRF, which was first developed by Chouckroun (2) , has attracted attention among the platelet-rich products (3) (4) (5) (6) (7) . Unlike other platelet-rich products, PRF does not require anticoagulant, bovine thrombin, or any other gelling agents (3) . PRF is completely autogenous, and its protocol is open and free, leading to its widespread use. Moreover, other studies have proved that PRF includes many growth factors, such as platelet-derived growth factor AB (PDGF-AB), transforming growth factor-1 (TGF-1), and vascular endothelial growth factor (VEGF), which are the advantages of this product (8) . Successful studies have been reported with PRF (9-18).
Nevertheless, silica in the glass tube is required for the formation of platelet aggregation and fibrin in PRF. Some physicians (19) worry about a possible health hazards with glass-evacuated blood collection tubes with silica activators. O'Connell (19) described the unavoidable silica contact. O'Connell (19) claimed that the silica particles used in the glass tubes, although dense enough to sediment with the red blood cells, are sufficiently small for a fraction to remain in colloidal suspension in the buffy coat, fibrin, and platelet-poor plasma layers and will thus contaminate any therapeutic application to the patient.
The PRF resorption period is 7-11 days in vivo in humans, which is successful in soft-tissue healing; however, its success with guided bone regeneration (GBR) and guided tissue regeneration (GTR) techniques in bone healing remains unclear (6).
In our initial trials, we observed that titanium-induced platelet aggregation similar to glass tubes, and the clot produced in the titanium tubes was clinically identical compared to glass tubes. We also established that the fibrin carpet formed with titanium had a firmer network structure (20) , and the resorption in the tissue was longer (21) . This material is also used to avoid any short and/or long-term negative effects of dry glass or glasscoated plastic tubes and to eliminate the concerns regarding silica (19) . To date, no study has had the accurate protocol to indicate that PRF and/or T-PRF are effective in bone healing, nor has any study clearly assessed early and late-stage bone healing. This study aimed to evaluate the histological and histomorphometric effects of T-PRF on a rabbit bone model.
Materials and methods
Twenty-four New Zealand white rabbits aged 5 months with an average weight of 3 kg were used in this study.
ARAŞTIRMA/ORIGINAL ARTICLE
The experimental procedures for this study were approved by the Institutional Review Board and Animal Use Committee of the Cumhuriyet University, Faculty of Medicine (B.30.2.CUM.0.01.00.00-50/85). This study was conducted according to the principles of the Basel Declaration 2010. The study was conducted following the accepted guidelines for the care and use of laboratory animals for research. All of the animals were housed in a standard cage in an experimental animal room (22-24°C, 55-70% humidity, 1 atm, and 12-h light/ dark cycle). They were fed with a standard laboratory diet, and drinking water was available ad libitum during the experiment.
Study design and experimental procedures
The rabbits were divided into four groups (one control group and three experimental groups), and each group contained six animals. The materials used were T-PRF, inorganic bovine bone (ABB) with a 0.25-1 mm particle size (Bio-Oss®; Geistlich Biomaterials, Wolhusen, Switzerland), and T-PRF + ABB. Any materials that were used with the titanium barriers in the experimental groups were not used in the control group. Half of the animals from each group were sacrificed after 1 month, and the remaining animals were sacrificed after 3 months.
Presurgically, stiff dome-shaped pure titanium barriers with a diameter of 8 mm, a height of 4 mm, and a thickness of 0.3 mm were moulded commercially. There was a hole with a diameter of 3 mm at the top of the barriers, and a Teflon cover was made for the hole. All of the barriers were cleaned in a series of alcohol solutions in an ultrasonic bath to remove possible contaminants. Then, the barriers were sterilised by autoclave.
Surgical procedure
All of the rabbits were given an intramuscular antibiotic, 50-mg/kg ceftriaxone (Rocephin; Roche, Basel, Switzerland) every 24 h for 4 days, starting 1 day before surgery. They were also given an intramuscular analgesic, 4-mg/kg carprofen (Rimadyl; Pfizer, New York, IL, USA), every 24 h for 3 days, starting immediately after the operation. All of the operations were conducted under sterile conditions. The rabbits were anaesthetised using an intramuscular injection of 10-mg/ kg xylazine hydrochloride (Rompuns; Bayer, Leverkusen, Germany) and 50-mg/kg ketamine hydrochloride (Ketasol® 10%; Richter Pharma AG, Wels, Austria). After administering general anaesthesia, the scalps of the rabbits were shaved, and the skin was disinfected with a povidone-iodine solution before the operation. A skin incision, approximately 4 cm in length over the linea media, was made to dissect the skin from the skull. A skin flap was raised laterally using a small sharp periosteal elevator, and then the periosteum was incised and lifted to expose the parietal bone on both sides of the midline. At the experimental and control sites, nine smaller holes were drilled around the central hole using a burr approximately 1.5 mm in diameter under profuse irrigation with sterile saline to induce bleeding from the marrow space. Care was taken to irrigate the wounds thoroughly. Two barriers were used for every rabbit. The borders of the barriers were glued to the bone with N-butyl-2-cyanoacrylate (Histoacryl®; B.Braun, Melsungen, Germany). In group 1 (control group), only decortications were performed on the parietal bone. In group 2, T-PRF was used. Blood samples from 12 rabbits were used for the T-PRF operations. Titanium tubes were made from grade IV titanium. A total of 10 ml of blood from each rabbit was drawn with a syringe from the marginal vein on the right or left ear in one attempt and transferred to titanium tubes. The blood samples were collected rapidly, and the tubes were immediately centrifuged at 3,500 rpm for 15 min (21) using a table centrifuge (EBA 20, Andreas Hettich GmbH & Co. KG, Tuttlingen Germany) at room temperature. After centrifugation, the clots were removed from the tubes using sterile tweezers, separated from the base of red blood cells (RBC), and pressed between two pieces of gauze. In group 3, inorganic bovine bone (ABB) graft material was used. In group 4, T-PRF + ABB were used. The graft materials with rabbit blood were filled through a hole on top of the barriers. The titanium barriers in all of the groups including control group were covered by a teflon cover to prevent the invasion of the soft tissues (Fig. 1) . The remaining skin was carefully sutured with resorbable 3/0 polyglactin 910 sutures (Vicryl; Ethicon, Somerville, NJ, USA). All of the rabbits were examined for wound cleaning every other day for 2 weeks.
Specimen preparation
We sacrificed all of the animals employing an overdose of 200-mg/kg IV pentobarbital, and dissected the calvarium out of the soft tissue. We took biopsies, involving the calvarium and two titanium barriers using a surgical burr fixed to a lowspeed electrical hand-tool and conserved them in 10% buffered formaldehyde. We removed the calcium from the samples using 10% formic acid and then dehydrated. We removed the samples vertically from a section approximately 3-mm thick in the middle of the decalcification and embedded them in paraffin.
Histological analysis
We obtained nearly 5mm-thick sections, and stained them with haematoxylin-eosin (H&E), and van Gieson Trikrom (Trc) for analysis under light microscope. A single examiner blinded to the identity of the samples did the histological analysis. The connective and/or granulation tissue, bone formation, bone marrow, and presence of grafted material of the sections were assessed using a light microscope.
Histomorphometric analysis
Another examiner blinded to the treatment did the histomorphometric analysis. To observe further mineralised bone formation, we took the images of the histological sections from three various parts of each section with a digital camera under Figure 1 . Clinical photograph. A cutaneous flap was lifted and the parietal bone was exposed. Nine smaller holes were drilled around the central hole using a round burr with a diameter of approximately 1.5 mm. The titanium cap was fixed to the bone with Histoacryl® glue. The graft materials with rabbit blood were filled through a hole on top of the barriers. The hole on top of the titanium barrier was covered by a Teflon cover.
polarised light. We employed a photo-light microscope with an attached camera to take pictures (X400) from each section; We loaded the pictures into a computer to analyse them histomorphometrically. The bone areas (mm²) formed newly in each picture were evaluated with the histomorphometry software (Leica QWin Plus V 3.3.1; Leica Microsystems Ltd Stereo & Macroscope Systems CH-9435 Heerbrugg, Switzerland), and their mean values were established.
Statistical analysis
The data obtained were evaluated with Kruskal-Wallis analysis of variance followed by the Tukey test for pairwise comparisons (intergroup comparison) and the Mann-Whitney U test (intragroup comparison) after normality was established with the Kolmogorov-Smirnov test. P values less than 0.05 were regarded as statistically significant. For the statistical analysis, we employed SPSS version 14 (SPSS Inc., Chicago, IL). Since the test and control groups were not considered to be independent, a prior statistical power analysis was done using a software program (PC-Size, Dallal GE, Boston, MA, USA), under the hypothesis of normality for the variables examined. Six animals from each group was efficient enough to reveal difference in new bone area with the calculations at the 5% significance level with 81% statistical accuracy (22) .
Results
No surgical complications occurred during the operation. After the intervention, the animals recovered without postoperative signs of infection. One rabbit was lost after general anaesthesia and in the first month during the study. This rabbit was replaced with another rabbit. After the operation, the rabbits were assessed once a week on a regular basis.
Histological analysis
In all of the specimens, bone formation had occurred to a much higher degree in the centre than in the periphery of the dome-shaped tissue. A layer of dense fibrous connective tissue lined the entire periphery of the dome-shaped tissue in all groups. There was higher active bone formation in the first and third months in the T-PRF group than in the other three groups (Figure 2) . The resorption of the T-PRF membrane was not completed in the first month in the T-PRF group (Fig. 3) . No signs of resorption was present in the ABB graft particles in the first month. However, osteoclastic activity was detected in the third month in the ABB and ABB+T-PRF groups (Fig.  2) . Osteoclastic activity in the ABB+T-PRF group was not statistically higher than in the ABB group. The titanium barriers were almost completely filled with loose and hard tissue in the T-PRF, ABB, and ABB+T-PRF groups but was not completely filled in the control group.
Histomorphometric analysis
When histomorphometric values of new bone formation in the first and third months were compared, more new bone formation was observed in the third month than at the first month for all of the groups. The differences between the groups were examined in terms of histomorphometric values, and the T-PRF had more new bone formation than the other three groups. No statistical significance was noted between ABB and ABB+ T-PRF groups (Figure 4, 5) .
Discussion
According to the results of this study, T-PRF membrane was able to remain in the tissues for at least 1 month, which was sufficient time for the initiation of formation of new bone. T-PRF produced significantly more new bone than the control group when used alone as a membrane in a model of rabbit bone healing. In addition, when compared to bone grafting, T-PRF had a similar osteoconductive effect but was superior in terms of the amount of new bone. The maturation of new bone was faster in the T-PRF group than in the bone grafting group. Because the resorption of ABB bone graft was not completed in the 3rd month, new bone formation must occur much later. While the osteoconductive features were good in the T-PRF + ABB group, the graft resorption amount was siTunalı ve ark. milar to the bone graft group. Consequently, the formation of new bone cannot occur quickly in the T-PRF + ABB group than in the ABB group.
In previous in vivo studies conducted using Chouckroun's PRF in rabbits (23, 24) , the classic PRF protocol used in human subjects was not changed, and the material obtained was accepted as PRF. However, because obtaining a sufficient amount of blood in a short period of time from a rabbit, which Dohan et al. (25) considers to be a rather small animal, is not possible, in vivo studies of PRF on larger number of animals are necessary. Dohan et al. (25) asserted that the PRF-like product obtained from rabbits using the human protocol was not actually PRF and that rabbit studies would not produce accurate results. In preliminary trials in rabbits using the human PRF protocol to produce T-PRF, we encountered the same product described by Dohan et al. [25] . Although we adjusted the duration of the blood collection based on the human protocol, we observed that the structure did not change, and we were not able to obtain clinically complete T-PRF with the desired consistency. These results led us to experiment with protocols to produce platelet-rich products in rabbits based on the structural differences between human and rabbit blood (21) . Based on this hypothesis, we gradually increased the duration and speed of centrifugation. After obtaining a clinical product similar to T-PRF, centrifugation of rabbit blood for 15 min at 3,500 rpm showed optimal fibrin formation based on observations using SEM. Clinically mature T-PRF clots were observed in all of test animals (6 rabbits) when their blood was centrifuged using the protocol of 15 min at 3,500 rpm.
This study is the first T-PRF bone-healing model using accurate protocol developed for the rabbits. In our previous study using a soft tissue healing model (21), we reported that the resorption period of T-PRF in tissue was long and showed that T-PRF could have longer effects on rabbits that had faster metabolism than PRF, which has a resorption time of 7-11 days in humans (26) . In this study on bone healing, the osteoconductive property of T-PRF was good, and T-PRF membrane remains were observed in the first month controls when used as a membrane alone. Successful results have been obtained in the soft tissues and sinuses in studies using PRF in humans (9-18).
However, PRF was generally used with bone grafts in GBR and GTR studies (16) . Chouckron et al. (7) claimed that PRF decreased the bone graft resorption time. We did not observe this condition in T-PRF in our study. Nevertheless, we believe that whether the leukocyte-rich fibrin product T-PRF brings antibacterial features to the graft (27) and whether T-PRF brings short-and long-term benefits to the graft factors in the region are questions that should be explored.
In conclusion, within the limitations of our study, we demonstrated that platelet-rich product aggregated with titanium could be used instead of a bone graft in a bone healing model and could produce more new bone in less time than when used alone. However, investigating the markers of bone healing and future animal studies with the accurate protocol will be extremely useful to understand comprehensively the effectiveness of the newly developed product.
